Methods: 60 rough surface implants were placed in 4 bovine ribs. 30 standard and 30 prototype implants were divided to group A and B, respectively. All were inserted with a torque of 30 N/ cm2, so that the rough/smooth interface was placed at bone crest level (the distance between the implants needed to be at least 4 mm). Primary stability was measured by resonance frequency analysis (RFA) with the Osstell ISQ transducer directly to the implant or over three Smartpeg screwed to the top of three different healing abutments of 2, 3.5 and 5 mm of height.
Introduction
Primary implant stability is considered an essential requirement for appropriate implant osseointegration. Maintaining appropriate stability through time is also considered a longterm success guarantee. 1,2 Different techniques have been described for non-invasive, clinical evaluation of implant stability. Resonance Frequency Analysis (RFA) represents a widely used technique for an objective assessment of implant stability at any stage of treatment or follow-up, due to its high reliability and reproducibility. [3] [4] [5] [6] [7] [8] This technique has been demonstrated to evaluate implant stability as a function of interface stiffness. 9 RFA is assessed by the instrument Osstell (Osstell AB, Göteborg, Sweden.). The unit of measure of Osstell is the implant stability quotient (ISQ) and its scale values could vary from 1 to 100. The higher the ISQ number, the higher the stability. Moreover, RFA measurements display the micromobility of dental implants. This micromobility seems to be determined by the bone density at the implant site. 10 The ISQ values are influenced by different factors 11 as the effective implant length, the distance from the transducer to the marginal bone, (the greater the distance from the transducer to the bone, the lower the ISQ value); 1, 6, 12, 13 the osseous quality; 14, 15 the force with which the Smartpeg (transducer) is torqued; 12, 16 the presence of soft tissue between the implant and the transducer; 14, 16 and the amount of bone in contact with the implant. 14 It is well known that the disconnections and subsequent reconnections of the abutment compromise the periimplant tissue stability. 17 Previous study 18 reported that these facts had an impact in the mucosal barrier and resulted in a more apically positioned zone of connective tissue what established a consequent bone resorption.
New healing abutments have been designed to allow to directly screwed the Smartpeg to its top part. These healing abutments were developed to avoid the dis/reconnection of the healing abutment to measure the implant stability and to facilitate the ISQ's registration (since it is not necessary to remove the healing abutment). This also makes the assessment of the stability easier and more convenient for the clinician because the Smartpeg is placed more accessible for the registration (is placed more coronal). Another possible advantage of the new designed abutments is that in cases of low stability, there is no application of counterclockwise forces. So that, implants with no sufficient stability, during the healing time, are no submitted to that force.
The fact of screwing the Smartpeg to the healing abutment and no directly to the implant could affect the ISQ values, as the transducer is torqued farther from the bone than when it is screwed to the implant. That could produce greater vibration of the bone-implant interface and, therefore, the decrease of the ISQ values. For that reason, it is necessary to assess if the ISQ measurements are comparable when using the Smartpeg screwed directly to the implant or to the new healing abutments.
The aim of this trial is to compare the ISQ values obtained by the Osstell ISQ, screwing the Smarpeg to the implant or to the healing abutment. The null hypothesis was that there would be no difference between interventions.
Materials and methods
Sixty rough surface implants (Shot Blasting ® : alumina particle sandblasting and acid passivation) screw-shaped implants (Essential ® Cone, Klockner Implant System, Barcelona, Spain) were used. The implants belonged to one of the following groups:
-Group A: 30 standard implants. These are an internal connection, double-threaded implants, characterized by an atraumatic apex and a progressive core. -Group B: 30 prototype implants. These are the same as the standard ones, but the progressive core is 0.2 mm wider and the threads are sharper.
All implants had a diameter of 3.5 mm (diameter at platform level is 4.5 mm), a length of 8 mm and a mechanized collar height of 1.5 mm.
The implants were placed in 4 bovine ribs (bone quality type II 19 ), by a experienced clinician (user and knower of the Klockner Implant System for more than 2 years), following the manufacturer's protocol. 15 implants were place in each rib. The osteotomy was performed under abundant irrigation with sterile saline solution 800 rpm. The implants were inserted using the surgical unit, with a torque of 30 N/cm 2 , so that the rough/smooth interface was placed at bone crest level. The distance between the implants had to be at least 4 mm (Figure 1) .
Once the implants were in place, primary stability was measured by means of RFA with the Osstell ISQ in five different situations, by a second experienced clinician in the use of the ISQ device. First, the ISQ was measured over the Smartpeg screwed directly to the implant. Then, it was measured over three Smartpeg screwed to the top of three different healing abutments (2, 3.5 and 5 mm of height). The transducers were screwed by the specific plastic hand-screwdriver. The abutments were torqued to 10 N/cm 2 on the implants (with the surgical unit). Finally, the ISQ was measured again over the Smartpeg screwed directly to the implant (to assess the influence of screw/unscrew over the implant stability). One Smartpeg is used for each implant (so 5 measurements were made with each transducer). In each situation, the ISQ was registered perpendicular to the Smartpeg in 4 different positions: (1) the ISQ is registered from the front of the rib; (2) the stability is registered from the back of the rib, (3) the stability is registered from the right of the rib; and (4) the stability is registered from the left of the rib. At each position, the ISQ was registered once.
The healing abutments of 2, 3.5 and 5 mm, in which the Smartpeg are screwed to, are a new design. They have been created to allow the screwing of the Smartpeg in their inner part, so it is placed as close as possible to the bone level (to allow the ISQ measures to be made from a similar point as if the registration were assessed if the Smartpeg were screwed directly to the implant). Despite this, in the three different healing abutments, the Smartpeg is located further from the bone (1.8 mm) than when the Smartpeg is screwed directly to the implants (Figure 2) . SPSS 19.0 software (SPSS, Chicago, IL) was used for the statistical analysis. Mean values and standard deviations were calculated. The normal distribution of the values and the homogeneity of the variances were tested through a Kolmogorov-Smirnov and Levene tests, respectively. The differences between the mean values were compared with the non-parametric Kruskal-Wallis and Mann-Whitney tests. When significant differences were obtained, 95% confidence intervals were found for average and mean differences (p < 0.05). 
Results
The global mean ISQ of the whole sample was 76.7 ± 5.5. The global mean ISQ of the prototype group is 73.9 ± 5.3 and of the standard one is 79.8 ± 3.7. When the sample were analyzed without having into account which group the implants belong to, the mean ISQ values according to where the Smartpeg is screwed to were 76.2 ± 4.47 and 75.7 ± 4.72 when the Smartpeg was screwed directly to the implant; 78.2 ± 5.78, 77.3 ± 5.90, 76.0 ± 5.90 when the transducer was screwed to the abutments of 2, 3 and 5 mm of height respectively ( Table 1) .
The mean ISQ values by groups were also studied ( Table 1 ). In the prototype implants group, no statistically significant differences were found between measuring the stability on the Smartpeg screwed directly to the implant or screwed to different abutments.
However, in the standard implants group statistically significant differences (p < 0.05) were found between measuring the stability on the Smartpeg screwed directly to the implant and screwed to the 2 and 3.5 mm healing abutments (shown in the Table 1 as a-b). Also, statistically significant differences (p < 0.05) were found between measuring the stability on the Smartpeg screwed to the 2 mm healing abutment and to the 5 mm healing abutment (shown in the Table  1 
as c-d).
The mean ISQ values related to the position of the Osstell are given in Table 2 . No statistically significant differences were found between the different measurements in the prototype implants group; independently of whether they were registered directly to the implant or to the healing abutments. Nevertheless, in the standard implants group statistically significant differences (p < 0.05) were found between measuring the stability on the Smartpeg screwed directly to the implant and screwed to the 2 mm healing abutments in all the positions (1, 2, 3, 4) (shown in Table 2 as a-b, c-d, e-f, g-h) and between the values registered without healing abutment and 3,5 mm healing abutment, but only in positions 2 and 4 (shown in Table 2 as b-f, b-h).
Data also showed that in both groups, all ISQ values of positions 1 and 2 were statistically equal to each other but statistically different from those of positions 3 and 4 (which were also statistically equal to each other), except for the last situation in the standard group (without healing abutment) in which the 4 values were statistically equal (p < 0.05). (1) the ISQ is registered from the front of the rib; (2) the ISQ is registered from the back of the rib, (3) the ISQ is registered from the right of the rib; and (4) the ISQ is registered from the left of the rib.
Discussion
In the present study, the implant stability was analyzed by RFA with the Osstell ISQ when the Smartpeg was screwed to the implant and to the healing abutments of different heights. The bone in which the implants were place was type II 19 . The mean ISQ in our study was 76.7 ± 5.5. These results are similar to those of other trials examining the ISQ in cow ribs (also bone quality type II The literature agrees that the most appropriate design is endosseous screw-shaped implants. In 1999, it was found that the implants that achieved the higher primary stability were the 8 mm implants. 22 These implants were all placed in posterior lower jaw, where type II bone quality was found in all cases. The data presented in Table 1 showed that the ISQ from the prototype group was lower. It could be attributed to the design of the prototype implant. The characteristic added to the prototype group made the implant insertion with less friction. So, if there were less friction between the implant and the bone, the primary stability would be lower.
The results of this trial only showed statistically significant differences in the standard group. In that group the differences were between measuring the stability on the Smartpeg screwed directly to the implant and screwed to the different healing abutments. But in this study the ISQ values registered over the Smartpeg attached to the abutment were higher than the ones registered over the transducer screwed directly to the implant. These results are in disagreement with the previous published literature. In previous investigations a strong correlation (r = 0.94, p < 0.01) was observed between the registered frequency and the height of implantation fixture exposed. According to other authors 3 the stiffness of the implant/tissue interface, the distance from the transducer to the first bone contact, the abutment length and the marginal bone resorption have influence in the RFA value. 3, 23 Our results showed that, despite increasing the bone-transducer distance of 1.8 mm, the ISQ values not decrease but increase. To our knowledge, we don't know if these results may have clinical repercussions. More studies are needed to clarify if the bone crest-transducer distance had influence in the ISQ values.
In the prototype group statistically significant differences were not found, probably due to the new design of the threads that block the influence of the bone crest-transducer distance. It could be suggested that in the prototype group the RFA could be analyzed with the Smartpeg screwed directly to the implant or to the healing abutments of different heights.
In the standard group, although statistically significant differences were found in between some groups, that differences were between 2-3 points of ISQ. Several studies provide good indications that the acceptable stability range lies between 55 and 85 ISQ, with an average ISQ level of 70. 9, 24 All of ISQ values in the standard group are over 78, belonging to the group of high stability.
Conclusions
It may be concluded from the present investigation that similar ISQ values could be obtained measuring the RFA with the transducer screwed directly to the implant or to healing abutments of different heights, in an accurate and reproducible way.
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